This study was undertaken with a three-fold objective: first, to compare the effects of some diverse bactericidal and bacteriostatic agents, including metal cations, sulfonamide compounds, and narcotics, on the growth and luminescence of luminous bacteria; second, to obtain self-photographs in color showing the chief results; and third, in connection with the photographs, to measure the brightness of the light and express it in absolute units.
Poisons of various kinds are known to reduce the intensity of luminescence in essentially non-proliferating suspensions or masses of the bacteria (Beijeinrck, 1889 (Beijeinrck, , 1891 Harvey, 1915; Harvey and Taylor, 1934; Hill, 1929 Hill, , 1932 Taylor, 1932 Taylor, , 1934 Taylor, , 1936  Shoup, 1933; Shoup and Kimler, 1934; Korr, 1935; van Schouwenburg, 1938; van Schouwenburg and van der Burg, 1940;  Johnson and Chambers, 1939; Johnson and Moore, 1941) and in some cases a stimulation of luminescence by low concentrations of the inhibitors has been noted (Taylor, 1934 (Taylor, , 1936 van Schouwenburg, 1938) . A stimulation of growth and luminescence in broth cultures by low concentrations of urethane and of sulfanilamide (Johnson, 1942) as well as the stimulatory effects of bacteriostatic compounds, in low concentration, for various species on agar (Lamanna, 1942 ) lend a renewed interest to the familiar biological problem of apparent stimulations caused by low concentrations of toxic agents in general.
The self-photographs provide an opportunity of making essentially direct metabolic pictures of the cultures, showing the degree of inhibition or of stimulation apparent in the brightness of luminescence. In color, the pictures might hold a special interest for those whose conception of the real appearance of luminescent cultures is based solely on verbal descriptions, necessarily inadequate, or on the more precise but less vivid data of the spectrophotometer (Barnard, 1902;  Molisch, 1912; Schouwenburg, 1936 Schouwenburg, , 1937 . The absolute intensity of the luminescence is of interest both as a matter of record and in connection with the problem of photography by such dim light.
In studies of luminous micro-organisms it is ordinarily not essential to measure the brightness of their light in absolute units, and such data have only rarely been given (Lode, 1904 (Lode, , 1906 Friedberger and Doepner, 1907; Harvey, 1925; Eymer and van Schouwenburg, 1937; Johnson and Lynn, 1941) . Data of this kind have apparently never been given in connection with photographs. Thus, although some interesting pictures taken by the light of luminous bacteria have been published (Dubois, 1901; Barnard, 1902; Molisch, 1903) the culture and the comparison light (C.L.), is viewed in. the form of two concentric circles. At constant current from a storage battery, the intensity of the comparison light against the opal glass (Op.Gl.) is regulated to match the unknown by varying the distance, with the screw (5). The scale (Sc) is calibrated according to the inverse square law, and thus gives relative intensities directly. When calibrated against a standard, at a given current, a factor for changing the relative to absolute units may be readily applied.
(B) Diagram of the arrangement of cultures for photographing by their own light. The porcelain covers of the Petri plates were replaced by a piece of optically flat glass during the long exposures necessitated by the dim light. A black cloth beneath the plate was necessary to prevent a double, or a blurred image.
absorbed into the medium and porous cover. A small amount of the test substance, usually only a few small crystals or particles, was then placed on the surface of the medium at the center, where it could diffuse peripherally, thus establishing a concentration gradient as the culture developed.
Preliminary experiments indicated that essentially the same results might be expected with anly of several species, including both fresh water and marine types, cultivated under optimal conditions in each case. Consequently the organisms producing the brightest light with the least trouble were selected:
Photobacterium phosphoreum,i a non-motile micrococcus growing best at 1500. To match the quality of luminescence, two Wratten gelatin filters were placed in front of the opal glass in the illuminometer tube. The change in quality of the light emitted from the filament at different amperages, resulting from the change in spectral distribution of radiation at different temperatures, was made unnoticeable to the observer by these filters.
The photographs were made on Kodachrome "A" 35-mm. film in a Contax camera with f 2 lens ( fig. 1, B ).
RESULTS
The pictures in Plate 12 show some typical results, and furnish a very good impression, by and large, of the true appearance of the luminescent cultures when seen by their own light.3 Table 1 summarizes the data relating to these pictures. Certain points of interest, set forth below, call for special mention.
With substances which exert no effect, such as a small amount of NaCl, the luminescence is of practically uniform brightness over the surface of the medium (plate I, fig. 11 ). This result with NaCl is important in showing the absence of an effect of this anion. With active substances, the dark, circular area at the center of the culture represents the region in which growth was inhibited, and the brighter ring at its periphery represents a zone of stimulation. The interpretation of the latter will be considered later. With regard to the former, it is evident, from plate I and table 2, that many substances of diverse nature will prevent growth. The actual extent of the area of inhibition is obviously dependent upon a complex interaction of several variables, including the potency of the substance, its solubility, its rate of diffusion through the medium, and the rate of growth of the organisms. For example, the area of inhibition is greater when the same substance, e.g., copper, is added in the form of a soluble salt than when the metal itself is used (plate I, figs. 4 and 5). With the salt, it is greater when the inoculum is dilute, thus allowing inhibitory concentrations to diffuse further before the culture has developed (plate I, figs. 5, 6, and 7, of cultures inoculated with a suspension diluted in a ratio of 1, 1:3, and 1:5 respectively). Certain substances, with unusually great solubilities and relatively low potencies, or highly volatile substances such as ether, cannot be studied satisfactorily by this auxanographic method. The general results obtained with a variety of metals, metal chlorides, narcotics, et cetera, when added in the manner described at the time of inoculation (Johnson, 1936 (Johnson, ,1938 (Johnson, , 1939 van Schouwenburg, 1938; Johnson, van Schouwenburg and van der Burg, 1939) . As mentioned above, certain narcotics in low concentration do likewise (Taylor, 1934 (Taylor, , 1936 van Schouwenburg, 1938) . Thus, while the intensity of luminescence under different high enough to give rise to sufficient acid production to retard growth and extinguish the light. Beijerinck (1891) was aware of this phenomenon. The addition of phenol red, or bromthymol blue showed that the region of increased brightness coincides with the zone of transition between the acid, non-luminous area and the approximately neutral, normal area.
The stimulatory effects of certain metallic cations, such as Cu, Ni, Co, and, Mn, are to some extent dependent on growth. The zone of stimulation of Cu for example, is much more pronounced when the inoculum is diluted, thus lengthening the normal time and number of "generations" preceeding maximum growth (plate I, figs. 5, 6 and 7; ratio of cells in inocula: 1, 1/3, 1/5, respectively). On the other hand, stimulation of luminescence by metallic ions in some cases appears to be a direct metabolic effect, since it appears in too short a time to be accounted for by increase in cell numbers, when the substance is added to either old or young cultures (table 3) . It is noteworthy that this occurs with a nonmotile species, thus excluding migration of the organisms as a possible explanation.
The narrow zones of excess brightness observed with metallic ions (plate I, figs. 1 to 8, 10, 15, 17 to 20) no doubt indicate a narrow range in the concentrations causing complete inhibition, a slight stimulation and no effect. With certain narcotics, e.g., phenobarbital (plate I, fig. 12 ) the zone of excess brightness is much wider, and the contrast between this and the normal area is less striking. Both the range of effective concentration and the rate of spread through the agar probably are important factors. Temperature is an additional factor whose fundamental significance in inhibitions generally has recently been emphasized (Johnson, Brown and Marsland, 1942) . In the present study, cultivation and observations were carried out in so far as possible at the optimum temperatures of the particular organisms. With certain substances the relative difference in brightness between the normal and stimulated zones, however, could be reversibly altered in the same plate simply by equilibrating it at different temperatures. The influence of various factors on the temperature coefficient of luminescence intensity is a phenomenon of fundamental importance, and is under further investigation.
DISCUSSION
Although the results described above are purely qualitative they furnish an interesting survey of the bacteriostatic effects of a very diverse group of substances. Since growth is a complex process, the precise mode and site of action of the different types of inhibitors might well be different, and the evidence in this work does not justify more than general conclusions. However, inasmuch as practically every inhibition was accompanied by some evidence of increased luminescence in the region of low concentrations of the inhibitor, it is perhaps worth while to discuss these apparent stimulations somewhat further.
It might be argued that all cases of apparent stimulations of luminescence represent merely indirect effects resulting from differences in concentration of nutrients, or of waste products. At the edge of any zone of no-growth on agar there is always a concentration gradient of nutrient substrates and waste products respectively. In fact, a sterile cover-glass placed on the agar surface after inoculation was found to imitate very successfully the appearance of a zone of inhibition, surrounded by a narrow zone of excess luminescence. No growth occurred beneath the cover-glass for lack of sufficient oxygen. The excess brightness at the edges probably did not result from impurities in the glass, since a plastic cover-slip gave the same results. In this case, nutrients or metabolites might have been the chief factors in the stimulation, although others might also have been concerned, e.g., the gradient in oxygen tension, or the increased surface area at the edge of the glass.
Certain facts would indicate that the stimulations observed were real, i.e., not merely the indirect result of influencing the concentration of nutritive substrates in the medium itself. For example, many of the metallic cations increase the luminescence intensity in too short a time for the nutrient concentration in the adjacent region of the agar to assume any significance (table 3) . Furthermore, as mentioned at the start, low concentrations of narcotics have been observed to stimulate bacterial luminescence under conditions not particularly favorable to growth (Taylor, 1934 (Taylor, , 1936 van Schouwenburg, 1938) . They may even increase the velocity of the luminescent oxidation completely apart from a living cell in crude extracts of the luminous Ostracod, Cypridina (Taylor, 1934) .
There is reason to believe, however, that in the crude extracts several simultaneous reactions may be concerned in the control of light emission (Anderson, 1936) and a stimulating effect by narcotics on the luminescent oxidation of highly purified luciferin and partially purified luciferase has not been observed (Johnson and Chase, 1942) . These facts are all consistent with the usually accepted interpretation that stimulations of biological processes by low concentrations of poisons are due to inhibitions of some process or reaction limiting the velocity of the one stimulated.
An important experiment has been devised by van Schouwenburg (1938) indicating that bacterial luciferase is most probably an auto-oxidizable enzyme, practically insensitive to cyanide, and distinct from the cyanide-sensitive oxidase responsible for most of the aerobic respiration. This same experiment may be looked upon as a model for picturing stimulations that result indirectly from the inhibition of a competing reaction. The essential facts are as follows.
Under ordinary conditions of more or less complete aeration, the activity of neither the luciferase nor oxidase is limited by the amount of oxygen. At low oxygen tensions, however, the activity of both enzymes is reduced, and they are thrown into competition with each other for the amount of oxygen. Under these competitive conditions, any specific factor which would eliminate one enzyme should result in an increase in oxidizing activity of the other. Van Schouwenburg obtained striking evidence that this was actually the case by adding cyanide under conditions of low oxygen tension. The cyanide eliminated the oxidase from the competition for oxygen. There was an immediate, several-fold increase in luminescence when the CN was added. It would appear entirely reasonable to suppose that stimulatory effects resulting from low concentrations of diverse poisons might in general work in a similar manner, i.e., by inhibiting a competing system. If the competing system were concerned with growth, or pigment production, or any other integrative process, the results would be cumulative; i.e., a 10 per cent increase in rate of the process would soon result in a 100 per cent increase in total product. These considerations might be taken into account also in interpreting the bacteriostatic action of sulfonamide and other compounds, with particular reference to the antagonism of their action by diverse agents, such as p-aminobenzoic acid (Woods, 1940) , methionine (Kohn and Harris, 1941) and urethane (Johnson, 1942; McIlwain, 1942) . The weight of available evidence indicates that, in affecting the growth of bacteria, sulfanilamide and p-aminobenzoic acid act at the same site, in some specific, competitive manner. The latter compound, or a related one, may be normally involved in metabolic reactions essential to growth, or in any case, it allows certain reactions, susceptible to inhibition by sulfanilamide, to proceed in its presence. Substances other than p-aminobenzoic acid, however, e.g., urethane, which also antagonize the sulfanilamide inhibition, might exert their stimulatory effects by a different mechanism, perhaps analogous to that involved in the cyanide stimulation of luminescence at low oxygen tensions, as described above. The possibility remains, of course, that in some cases stimulation may occur through a direct effect on a specific enzyme system, as, for example, the well known influence of magnesium on phosphatase activity (Erdtman, 1927 non-specific inhibitors, including metal cations, urethane, and in certain cases sulfanilamide and p-aminobenzoic acid also, would appear to consist in the slight inhibition of a reaction limiting the rate of growth or other process in question.
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SUMMARY
The effects of certain metals, metal chlorides, narcotics, and bacteriostatic compounds on the luminescence of plate cultures of Achromobacter fischeri and Photobacterium phosphoreum were studied by an auxanographic method.
Inhibitory effects on growth were caused by the addition of pure metallic copper, cobalt, cadmium and arsenic; to a slight degree by zinc, lead and nickel; to a doubtful extent by manganese, magnesium and bismuth; and not at all by aluminum or gold. Pronounced inhibitions were apparent with the chlorides of copper, cobalt, manganese, nickel and silver; and slight inhibitions by the chlorides of lead and magnesium.
Among organic compounds, pronounced inhibitions were found with benzamide, p-aminobenzoic acid, novocaine, sulfapyridine, sulfanilamide, and sodium phenobarbital. Sulfonmethane and sodium barbital were less effective. Glucose inhibited growth and luminescence because of the acid produced from it by the organisms.
In most cases, a zone of inhibition in the region of highest concentration was separated from the area of normal growth and luminescence by a zone of excess brightness. The interpretation of the two zones, especially the one of apparent stimulation, is discussed briefly in relation to certain factors and possible modes of action of the inhibitors. Certain substances, including both metal cations and narcotics, readily gave rise to zones of inhibition and stimulation, respectively, of luminescence when added to mature cultures.
The absolute brightness of luminescence was measured by a modified MacBeth Illuminometer, and found to range from 0.002 to 0.040 millilamberts at room temperature for cultures between one half and 4 days incubation at optimum temperature.
Color pictures of the plate cultures, taken by their own light, were obtained in order to show not only the qualitative characteristics of the luminescence, but its relative brightness in the different zones of the auxanogram.
